Background The natural history of patients with lung cancer and venous thromboembolism (VTE) has not been consistently evaluated. Methods We used the RIETE (Registro Informatizado Enfermedad TromboEmbólica) database to assess the clinical characteristics, time course, and outcomes during anticoagulation of lung cancer patients with acute, symptomatic VTE. Results As of May 2017, a total of 1,725 patients were recruited: 1,208 (70%) presented with pulmonary embolism (PE) and 517 with deep vein thrombosis (DVT). Overall, 865 patients (50%) were diagnosed with cancer <3 months before, 1,270 (74%) had metastases, and 1,250 (72%) had no additional risk factors for VTE. During anticoagulation (median, 93 days), 166 patients had symptomatic VTE recurrences (recurrent DVT: 86, PE: 80), 63 had major bleeding (intracranial 11), and 870 died. The recurrence rate was twofold higher than the major bleeding rate during the first month, and over threefold higher beyond the first month. Fifty-seven patients died of PE and 15 died of bleeding. Most fatal PEs (84%) and most fatal bleeds (67%) occurred within the first month of therapy. Nine patients with fatal PE (16%) died within the first 24 hours. Of 72 patients dying of PE or bleeding, 15 (21%) had no metastases and 29 (40%) had the VTE shortly after surgery or immobility.
Introduction
Lung cancer is the most common malignancy, and a leading cause of death.
1 Patients with lung cancer are at increased risk for venous thromboembolism (VTE), [2] [3] [4] [5] [6] and VTE appearing in patients with cancer carries an increased risk for early mortality. 2, 7 Unfortunately, however, there is scarce information in the literature on the clinical presentation, timecourse, and clinical outcomes of lung cancer patients developing VTE in real-life practice. A better knowledge of the burden of VTE in lung cancer patients, linked to adequate dissemination of the data, could likely help improve the awareness of attending doctors, nurses, and patients. A better understanding of at-risk patients and time course of VTE could likely help design better prevention strategies and detect VTE earlier. Finally, a better information on the natural history of VTE during the course of anticoagulant therapy could likely help design better therapeutic strategies (drugs, doses, duration) for this subgroup of patients with cancer. The RIETE (Registro Informatizado Enfermedad Trombo Embólica) registry is an ongoing, multicenter, international, observational registry of consecutive patients with objectively confirmed acute VTE (ClinicalTrials.gov identifier: NCT02832245). Data from this registry have been used to evaluate outcomes after acute VTE, such as the frequency of recurrent VTE, bleeding and mortality, and risk factors for these outcomes. [8] [9] [10] [11] [12] The aim of the current study was to assess the clinical characteristics, time course of VTE, and clinical outcomes during anticoagulant therapy in all patients with lung cancer presenting with symptomatic VTE.
Methods
This study is an analysis of prospectively collected data in the RIETE registry, from 209 hospitals in Europe, America, and Asia. RIETE included consecutive patients with deep vein thrombosis (DVT) or pulmonary embolism (PE) confirmed by objective tests (compression ultrasonography or contrast venography for suspected DVT; pulmonary angiography, ventilation-perfusion lung scan, or helical computed tomography [CT] scan for suspected PE) since March 2001. Its design, rationale, and methodology have been reported elsewhere. 13 Exclusion criteria were a current enrollment in a therapeutic clinical trial with a blinded therapy. Informed consent was obtained from all participants in accordance with local ethics committee requirements. All patients with biopsy-proven active cancer in the lung presenting with acute symptomatic, objectively confirmed VTE were considered for this study. Those with incidentally found VTE were excluded. Characteristics of the index VTE episode and of patients (demographics, comorbidities, additional risk factors for VTE, concomitant medications, initial and long-term therapy, and outcomes during anticoagulation) were recorded. VTE was considered to be secondary to surgery if appearing within 2 months of the procedure, and secondary to immobilization if within 2 months of confinement to bed with bathroom privileges for !4 days. Active cancer included cancer diagnosed within the 3 months prior to the incident VTE, metastatic cancer, or cancer with current therapy (surgery, chemotherapy, radiotherapy, hormonal or support therapy).
Patients were managed according to the clinical practice of each participating hospital (i.e., there was no standardization of treatment). The type, dose, and duration of anticoagulant therapy were recorded. After VTE diagnosis, all patients were followed up in the outpatient clinic for at least 3 months. During each visit, any signs or symptoms suggesting recurrent DVT or PE or major bleeding were noted. All episodes of clinically suspected VTE recurrences were investigated by repeat compression ultrasonography, helical CT pulmonary, ventilation-perfusion lung scintigraphy, angiography, or pulmonary angiography. Recurrent VTE was defined as a DVT in a new segment, a DVT 4 mm larger in diameter when compared with prior venous ultrasound, a new ventilation-perfusion mismatch in a lung scan, or a new intraluminal filling defect on a CT scan. Bleeding complications were classified as "major" if they were overt and required a transfusion of two units of blood or more; or were retroperitoneal, spinal, or intracranial; or when they were fatal. This definition is similar to that from the ISTH, with the only exception that in RIETE we do not consider a decrease of 2 g/dL of hemoglobin as a criterion. Fatal PE, in the absence of autopsy, was defined as any death appearing within 10 days after symptomatic PE diagnosis, in the absence of any alternative cause of death. Fatal bleeding was considered as any death appearing within 10 days after a major bleed, in the absence of any alternative cause of death.
Categorical variables were compared using the chi-square test (two-sided) and Fisher's exact test (two-sided). Continuous variables were compared using Student's t-test. Hazard ratios (HR) and corresponding 95% confidence intervals (CIs) were calculated. Incidence rates were calculated as cumulative incidence (events/100 patient-years) and compared using the HRs. All analyses used time-to-event methods. Risks of recurrent VTE or major bleeding were assessed with proportional hazard Cox models. Time zero was the date of diagnosis of VTE and patients were censored at the time of discontinuation of anticoagulation, at the time of death, or at the last date for which outcome data were available. The Conclusion Active surveillance on early signs and/or symptoms of VTE in patients with recently diagnosed lung cancer and prescription of prophylaxis in those undergoing surgery or during periods of immobilization might likely help prevent VTE better, detect it earlier, and treat it more efficiently. assumption of independence of the time distribution between outcomes (VTE recurrences or major bleeding) and death may not be satisfied in survival analysis due to the competing risk of death. Therefore, the Kaplan-Meier method was not appropriate to estimate survival curves for VTE. Kaplan-Meier method and log-rank test were used to compare the function of cumulative incidence for each outcome between both groups of patients (PE patients group vs. DVT patients group). Then a competing risk analysis with the Fine and Gray method was performed. Covariates included in the adjusted model were those for which a statistically significant difference (a threshold p-value of 0.1 was set to assess significance of differences) was found between the different variables, and a backward selection was used for the covariate selection in the multivariable model. Statistical analyses were conducted with SPSS for Windows Release (version 20; SPSS Inc. Chicago, Illinois, United States).
Results
As of May 2017, a total of 10,962 patients with active cancer were recruited in RIETE, of whom 1,725 (16%) had lung cancer. There were 1,250 men (72%) and 475 women, aged 65 AE 12 years, and most (74%) had metastases. Overall, 1,208 patients (70%) presented with symptomatic PE (with or without concomitant DVT) and 517 with symptomatic DVT alone.
VTE was diagnosed during the first 90 days after cancer diagnosis in 865 patients (50%), including 546 (32%) in whom VTE occurred during the first 30 days (►Table 1). Additional risk factors for VTE included recent surgery (7.5%) or immobilization (20%). Eighty-four of 129 patients with recent surgery (65%) and 111 of 346 with recent immobilization (32%) had received VTE prophylaxis. Half of the patients (51%) were receiving chemotherapy at baseline, and 23% were receiving corticosteroids. Among 1,208 patients presenting with PE, 1,051 (87%) had dyspnea, 462 (38%) chest pain, 95 (7.9%) hemoptysis, and 94 (7.8%) had syncope. Among 517 patients presenting with DVT, 124 (24%) had upper extremity DVT (secondary to catheter in 51). At VTE diagnosis, 1,007 patients (58%) had anemia, 359 (21%) had a platelet count lower than 100,000/µL, and 468 (27%) had creatinine clearance (CrCl) levels lower than 60 mL/min.
Most patients (90%) were initially treated with lowmolecular-weight heparin (LMWH), independently of initial presentation as PE or DVT, but those with PE were more likely to receive unfractionated heparin (UFH) or thrombolytics than those with DVT alone (►Table 2). Then, most patients in both subgroups (65%) continued on LMWH for long-term therapy. A small proportion of patients received Fondaparinux (1.4%), direct oral anticoagulants (0.5%), or a vena cava filter (1.7%).
During the course of anticoagulation (median duration, 93 days), 166 patients developed symptomatic VTE recurrences (recurrent PE: 80, recurrent DVT: 86), 63 had major bleeding (gastrointestinal: 27, intracranial: 11), and 870 died (►Table 3). There were no differences in the rates of PE recurrences (HR: 0.76; 95% CI: 0.48-1.20), major bleeding (HR: 0.99; 95% CI: 0.58-1.70), or death (HR: 1.03; 95% CI: 0.89-1.18) between patients with PE and DVT, but patients initially presenting with PE had a lower rate of DVT recurrences (HR: 0.62; 95% CI: 0.40-0.96) than those with DVT. Interestingly, the rate of VTE recurrences was twofold higher than the rate of major bleeding during the first 30 days of anticoagulant therapy (61 vs. 33 events) and over fourfold Of 870 patients who died during anticoagulation, 57 (6.6%) died of PE (9 during the first 24 hours) and 15 (1.7%) died of bleeding. Most fatal PEs (48 of 57, 84%) and most fatal bleeds (10 of 15, 67%) occurred within the first 30 days of therapy (►Fig. 2). The case-fatality rate of PE recurrences (18 of 80 events were fatal: 22.5%; 95% CI: 14.4-32.6) and major bleeding (15 of 63 bleeds: 23.8%; 95% CI: 14.5-35.5) was similar. Compared with patients who did not die of PE or bleeding, those with fatal PE were more likely to initially present with PE, to be immobilized recently (only 28% had received VTE prophylaxis), to be using corticosteroids, to have raised platelet count at baseline, or to be initially treated with UFH (►Table 4). Of 72 patients dying of PE or bleeding, 15 (21%) had no metastases, 26 (36%) were diagnosed with cancer less than 3 months before, and 29 (40%) developed VTE shortly after surgery or immobility.
On multivariable analyses, patients with CrCl levels less than 60 mL/min were at lower risk for PE recurrences (HR: 0.52; 95% CI: 0.28-0.96) and those with recent major bleeding at baseline were at increased risk for major bleeding during anticoagulation (HR: 4.01; 95% CI: 1.36-11.9). We failed to find other independent predictors for these outcomes.
Discussion
Our data, obtained from a large series of patients with lung cancer and symptomatic VTE, reveal that 72 of 870 patients (8.3%) dying during the course of anticoagulant therapy died of PE or bleeding. Of these, one in every five patients (21%) had no metastases. Thus, the clinical relevance of VTE in lung cancer patients should not be underestimated. Interestingly, VTE often appeared early in the course of lung cancer: half (50%) of the patients had been diagnosed with cancer less than 3 months prior to VTE, 32% less than 30 days before. One in every three patients (32%) had not received chemo-or radiotherapy yet. Thus, active surveillance on early signs and symptoms of VTE appearing in patients with recently diagnosed lung cancer might likely help detect VTE earlier, and treat it more efficiently. Previous studies also reported that the risk of VTE is highest in the first few months after the diagnosis of several malignancies, including the lung.
2,14-16
One in every nine patients (16%) with fatal PE in our cohort died within the first 24 hours, with few time for anticoagulant therapy to be effective. Therefore, accurate identification of at-risk patients would likely help prescribe adequate preventive measures and to detect VTE earlier. In our cohort, one in every four patients (28%) dying of PE or bleeding developed VTE shortly after surgery or immobilization, but only 65 and 32%, respectively, did receive prophylaxis. A wider prescription of effective and safe prophylaxis of VTE (particularly during periods of immobility) might have reduced the amount of patients developing VTE, and thus the amount of patients dying of PE or bleeding.
Over half of the patients (58%) in our cohort had anemia, one in every four had renal insufficiency (27%) or were using corticosteroids (23%), and one in every five (21%) had thrombocytopenia. Not unexpectedly, the rate of major bleeding events appearing during the course of anticoagulant therapy was high (10 major bleeds per 100 patient-years). However, the rate of VTE recurrences was over twofold higher than the rate of major bleeding, and the rate of fatal PE also exceeded the rate of fatal bleeding (57 and 15 deaths, respectively). Since up to half of the VTE recurrences and major bleeds did appear during the first 30 days of therapy, this is the time when patients should be more closely monitored. Unfortunately, however, we failed to find independent predictors for VTE recurrences or major bleeding, other than renal function and recent major bleeding.
As in previous cohort studies and randomized clinical trials, the highest rates of VTE recurrences and major bleeding in our cohort occurred during the first weeks of therapy. 2, [17] [18] [19] [20] [21] [22] [23] In a recent study, we reported that the rate of VTE recurrences during anticoagulation was similar to the rate of major bleeding in patients with breast or colorectal cancer, much higher in those with lung cancer, and lower in patients with prostatic cancer. 24 These findings may be explained by differences in the characteristics of the different tumors or their therapies, and suggest that different clinical profiles with regard to VTE-related outcomes are observed according to the primary cancer site. These data support the development of specific research addressed to evaluate cancerspecific anticoagulant strategies with regard to intensity and duration that would help tailoring VTE management. To our knowledge, ours is the largest cohort of patients with lung cancer and VTE. Our study, however, has several limitations. First, as an observational registry, patients in RIETE were not treated with a standardized regimen; treatment varied with local practices and is likely to have been influenced by a physician's assessment of a patient's risk of bleeding or recurrent events. Factors including type, extent and rate of progression of cancer, concomitant chemotherapy, affordability of treatment, and patient preferences would have all influenced the outcomes. Second, RIETE does not have a central adjudication committee, and the causes of death relied on the reports by attending doctors. Certainly, some doctors may have underestimated the relative frequency of fatal PEs or fatal bleeding, since we looked at symptomatic VTE recurrences and bleeding events, but there could have been several patients dying at home who were considered to die of "cancer," or of unknown reasons. On the contrary, the risk to have overestimated these risks seems lower given the strict definition of fatal PE and fatal bleeding in RIETE. Finally, the median duration of anticoagulation was only 3 months. This was largely due to the high mortality rate in our cohort, since 50% of patients died during follow-up.
In conclusion, one in every five patients dying of PE or bleeding had no metastases and one in every three had developed the VTE shortly after surgery or immobility. Since half of the patients had been diagnosed with cancer less than 3 months prior to VTE, we suggest that active surveillance on early signs and/or symptoms of VTE in patients with recently diagnosed lung cancer and prescription of VTE prophylaxis in patients undergoing surgery or during periods of immobilization might likely help prevent VTE better, detect it earlier, and treat it more efficiently. This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited. 
